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TaSe3 is a metallic layered material whose structure is built from TaSe3 trigonal prismatic chains.
In this work we report a first-principles density functional theory study of TaSe3 single-layers and we
find that, despite the existence of non negligible Se· · ·Se interlayer interactions, TaSe3 single layers
are found to be metallic. However, an interesting competition between metallic and semiconducting
states is found under the effect of strain. The single-layers keep the metallic behaviour under biaxial
strain although the nature of the hole carriers changes. In contrast, uniaxial strain along the chains
direction induces the stabilization of a semiconducting state. Potential electronic instabilities due
to Fermi surface nesting are found for single-layers under either biaxial strain or uniaxial strain
along the long (inter-chain) axis of the layers. Bilayers and trilayers have also been considered. The
structural and electronic features behind these unexpected observations are analyzed.
I. INTRODUCTION
Layered group IV transition metal trichalcogenides
(TMT) MX3 (M= Ti, Zr, Hf; X= S or Se) have re-
cently attracted much interest because in the form of
single-layer or few-layers thick they may provide a conve-
nient platform for applications in advanced devices [1–4].
These solids crystallise in the ZrSe3-type structure [5, 6]
with layers built from trigonal prismatic chains of chalco-
gen atoms containing a transition metal atom in the cen-
ter of every trigonal prism. With the exception of the
tellurium compounds all solids of this family are semi-
conducting. These chalcogenides are thus structurally
anisotropic [5, 6] and the bulk indirect band gap may
change to direct (TiS3) or keep its indirect nature (TiSe3)
in the single-layers [3, 4, 7, 8]. The bottom/top part
of their conduction/valence bands have opposite curva-
ture [4, 7, 9] and this property opens the possibility
to reverse the anisotropy of the electrical and optical
properties by switching from n- to p-doping. Recently,
we have proposed that the anisotropy of the conduction
band can also be reversed in TiS3 by moderate compres-
sive strain [10]. These features may be used to build
nanostructures with switchable plasmon channeling. The
variation of the band gap in single-layers when apply-
ing strain or changing the nature of either the transition
metal or chalcogenide atoms, the tuning of the mechani-
cal and optoelectronic properties, and the role of vacan-
cies in flakes or nanoribbons of this family have been
extensively studied [1–4, 7–15].
Although the crystal structure is also built from layers
of trigonal prismatic chains, the group V TMT are very
different in terms of both structure and physical proper-
ties. Some of the members of this family, like NbSe3 and
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monoclinic TaS3, rank among the more intensely studied
low-dimensional metals because of the intriguing physics
associated with their charge density wave (CDW) insta-
bilities [16]. The electronic structure of these materials
is strongly dependent upon the structural features of the
different trigonal prismatic chains found in their crystal
geometry. In contrast with the group IV TMT, which ex-
hibit only one type of chain, the presently known group
V TMT can exhibit one (NbS3 polymorph I) [17] two
(TaSe3) [18], three (NbSe3) [19, 20] or even four (NbS3
polymorph II) [21] cristallographically different trigonal
prismatic chains. Whereas the chalcogen atoms of the tri-
angular units are well separated from each other in some
of these chains so that they must be formally considered
as X2−, in other chains two of the chalcogen atoms form
a single X-X bond so that the three chalcogen atoms
must then be considered as (X2)2−+X2−. This subtle
structural feature imposes the occupation of the transi-
tion metal based bands and completely determines the
physical properties of the system [16]. Despite the ex-
tremely interesting physics of these solids in the bulk, to
the best of our knowledge they have not yet been care-
fully studied as few-layers flakes. Here, we would like to
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FIG. 1: Crystal structure of TaSe3 at room temperature. The
labels I and II refer to the two different types of chains dis-
cussed in the text. The Ta and Se atoms are shown as blue
and purple spheres, respectively.
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2call attention towards one of these solids, TaSe3 which
according to our calculations could exhibit an appealing
behaviour as a single-layer.
TaSe3 crystallizes in the monoclinic system [18] and
exhibits TaSe3 layers with a repeat unit of four trigo-
nal prismatic chains (see Fig. 1). Two of the chains,
noted I and II, are crystallographically independent.
The Se-Se distance parallel to the layer direction in
chain II (2.575Å) is compatible with a single bond,
whereas that in chain I is too long (2.896 Å). Conse-
quently, the system can be formulated as 2 × [TaI(Se2−)3
+ TaII(Se2−)(Se2−2 )]. In other words, all Ta atoms
are formally d0 and thus there are no electrons to fill
the low-lying transition metal-based bands of the four
TaSe3 chains and a semiconducting behaviour could
be expected. However, because of the short inter-
chain Se· · · Se contacts (one of these contacts, connecting
chains I and II and noted as a broken line in Fig. 1a, is
unusually short, 2.653 Å) which raise up the Se-based va-
lence band, the top of the valence band and the bottom
of the conduction band overlap [22, 23] and TaSe3 ex-
hibits non-activated conductivity at room temperature.
As a matter of fact, TaSe3 keeps the metallic conductiv-
ity until very low temperatures and at around 2 K enters
into a superconducting state [24–30] whose nature is not
yet well understood. Interestingly, TaSe3 has also been
grown as microwires [31] and with unusual shapes like a
Möbius strip [32, 33].
Very recently there has been a revival of interest in
TaSe3 and appealing properties like high breakdown
current density [31, 34] and low-frequency electronic
noise [35] in microwires have been reported suggesting
potential applications in downscaled electronics. In con-
trast with other solids of this family no CDW has been
observed in single crystals. However, the occurrence of
a CDW state has been claimed to occur in mesowires
at 65 K [36]. It has also been proposed that bulk
TaSe3 may be an appropriate system where to study
the competition between superconducting and topolog-
ical phases [37]. It has been reported very recently that
single-layer TaSe3 nanoribbons on SiO2/Si substrates
can be obtained through a mechanical exfoliation pro-
cedure [38]. Thus, as part of this resurgence of interest
in TaSe3, we would like to call attention here towards
the remarkable strain-induced behaviour of TaSe3 as a
single-layer.
II. RESULTS
As discussed above, because of the internal structure of
the trigonal prismatic chains, the Ta atoms of TaSe3 are
formally in a d0 configuration so that a semiconducting
behaviour could be expected. However, a metallic (and
low temperature superconducting) state is observed. Our
calculated band structure for bulk TaSe3 (Fig. 2a) is in
agreement with this observation, as well as with previous
band structures [23, 37]. Note that the TaSe3 layers oc-
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FIG. 2: Band structure of bulk (a) and monolayer (b) TaSe3.
Note that a non-conventional set of axes (a’= a+c, b’= b and
c’= c), where a’ and b’ run along the two repeat vectors of
the TaSe3 layer has been used. (c) Brillouin zone, and (d) top
and side views of the calculated Fermi surface for bulk TaSe3.
Color code: violet = holes, green = electrons.
cur along the (a+c)- and b-directions (see Fig. 1). Conse-
quently, in order to facilitate our discussion we have used
a non-conventional set of axes, a’= a+c, b’= b and c’=c,
where a’ and b’ run along the long and short repeat vec-
tors of the TaSe3 layer and c’ along the inter-layers direc-
tion. As shown in Fig. 2a, the electron and hole pockets
of bulk TaSe3 result from the hybridization of two differ-
ent bands, a mainly filled quite 1D band originating from
the Se orbitals (mostly 4pz) and a mainly empty band
originating from Ta dz2 orbitals. The latter is associated
with strong interactions along the chains direction, but it
also exhibits a sizeable dispersion along the inter-chains
direction. The two bands hybridize in some sections of
the Brillouin zone (see later for further discussion when
considering the single-layers) through the mutual overlap
with Se 4py orbitals of the same and/or adjacent chains.
The former band leads to the purple pancake-like around
Γ of the Fermi surface (Fig. 2d) together with some addi-
tional closed purple pockets, whereas the latter leads to a
pair of green warped double sheets with big holes around
the pancake. Despite the hybridization, most of the hole
pockets are associated with the Se 4pz orbitals and the
electron pockets are mostly associated with the Ta dz2
orbitals. Small changes in the semi-metallic band over-
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FIG. 3: Fatband analysis of the TaSe3 single-layer band structure. The labels I and II refer to the two different trigonal
prismatic chains (see Fig. 1). The label "pair" refers to the two Se atoms forming the bond in chain II and the equivalent ones
in chain I. The label "single" refers to the third Se atom of the triangles.
lap only slightly change the size of the pancake and may
break the green warped sheets with holes into smaller
fragments. An interesting observation is that around the
Fermi level there are non-negligible inter-layer interac-
tions. For instance, for any reasonable value of the Fermi
level the pancake remains, so that even if the conductiv-
ity is stronger along the b-direction, it should be quite
isotropic within the (a,c)-plane. This feature suggests
that the physical behaviour may change in the absence of
Se· · · Se inter-layer interactions and we decided to study
the electronic structure of TaSe3 single-layers.
The optimized structure of a single-layer is essen-
tially the same as for the bulk and the cell parameters
are within 3% those of the bulk experimental crystal
structure. The calculated band structure is reported in
Fig. 2b. We carried out additional calculations includ-
ing spin-orbit coupling but, except for the appearance
of slightly avoided crossings, the band structure around
the Fermi level (see Fig. S1 in Supplementary Informa-
tion (SI)) does not exhibit substantial differences. Con-
sequently, from now on all reported band structures will
be those calculated without spin-orbit coupling. Interest-
ingly, at first glance, we can see that the first important
result of Fig. 2b is that the TaSe3 single-layer is also
metallic. Moreover, looking carefully to the band struc-
ture, we can see that the main characteristics of the bulk
band structure near the Fermi level are kept. There are
holes around the Γ point, a slightly avoided crossing be-
tween two strongly dispersive bands near the B point and
the presence of a band with a hump shape slightly below
the Fermi level along the Γ → Y direction. This leads
us to the conclusion that the main reason for the metal-
lic behaviour of TaSe3 does not originate from inter-layer
interactions, even if they are non-negligible, but from the
inner structure of the layers.
Since our purpose is the analysis of possible modifi-
cations of the electronic structure under strain we need
take a deeper look at the origin of the three features of
the electronic structure noted above. Their evolution will
point out whether the possibility to open a band gap at
the Fermi level is likely or not and how the nature of
the metallic state may evolve under strain. A simple and
meaningful approach is to carry out a fatband analysis of
the bands near the Fermi level. Shown in Fig. 3 are the
essential contributions needed for our goal. None of the
other contributions influences the bands near the Fermi
level but the full analysis may be found in the SI (Figs.
?? and ??). Since there are two different trigonal pris-
matic chains (I and II, see Fig. 1a), we have separated
the Ta and Se contributions for each type of chain. We
recall that there is a Se–Se bond in chain II but not in
chain I. The orbitals are specified according to a system
of axes where the x- and z-axes run along the long (i.e.
a+c in the bulk) and short (i.e. b in the bulk) repeat
vectors of the layer. For the Se atoms we use the la-
bels "pair" and "single" to distinguish the two Se atoms
that form the bond in chain II and the equivalent ones in
chain I (Sepair) from the third Se atom of the triangles
(Sesingle).
The electron pockets originate from the Ta 5dz2 or-
bitals. This is expected because for a transition metal
atom in a trigonal prismatic coordination there are three
low-lying d orbitals: dz2 , dxy and dx2−y2 . Since the Ta
atom of one chain lies on the same plane as the Se atoms
of the two neighboring chains (Fig. 1b), the 5dxy and
5dx2−y2 orbitals strongly interact with the 4px and 4py
of the two Se capping atoms and these two d orbitals
are pushed to higher energies. Consequently, the only
4Chain I
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FIG. 4: Schematic representation of the component along the
direction of the pair Se-Se atoms of the hump-shaped band
just below the Fermi level along the Y→ Γ direction.
low-lying Ta d orbital remaining is the 5dz2 . However,
those of the Ta atoms in chains II clearly dominate be-
cause the occurrence of a short Se–Se bond stabilizes the
5dz2 orbitals of this chain [23, 39, 40] by decreasing the
hybridization between the 5dz2 and Se–Se bonding or-
bitals. Note that this prevalence is consistent with the
electronic structure of other TMT like NbSe3 and TaS3
although the layers are somewhat different [23, 41, 42].
The second band crossing the Fermi level is a strongly
raising band along the Y → Γ and A → B directions
(i.e. along the chains direction). This band is domi-
nated by the Se 4pz orbitals of the three Se atoms of
type I chains. These orbitals make strongly antibonding
interactions along the chain direction when approaching
the B and Γ points where the successive 4pz orbitals be-
come in-phase and, thus, make strong antibonding inter-
actions along the chains. Those of chain I are higher in
energy for two reasons. First, in chain I there is no short
contact and, consequently, no bonding interaction occurs
between the Sepair 4pz orbitals so that these orbitals are
higher in energy. Second, the Sesingle atoms of chain I
make one Nb–Se bond with the adjacent chain, whereas
those of chain II make two bonds. As a result, the inter-
action of the Se 4pz with the Ta 5dxz and 5dyz orbitals,
which is allowed by symmetry and stabilizes the Se 4pz
orbital, is weaker in chain I, which results in that the
Sesingle 4pz band is higher in energy. Consequently, the
top of the valence band is dominated by the chain I Se
orbitals. The avoided crossing between the Ta 5dz2 and
Se 4pz bands near the B point is only weakly avoided be-
cause these bands are mostly located in different chains.
There is a third band that, even if not crossing the
Fermi level, must be taken into account when consider-
ing the potential modifications induced by strain: the
hump-shaped band along the Y → Γ direction. This
band is based on the orbitals of the Sepair atoms and can
be decomposed in two contributions, a component point-
ing outside the layer (i.e. made of the Se 4py orbitals
of mostly chain I) and a component along the direction
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FIG. 5: (a) Calculated Fermi surface for a TaSe3 single-layer.
Color code: violet = holes, green = electrons. (b) Schematic
illustration of the open hole and closed electron Fermi surfaces
whose hybridization leads to the Fermi surface in (a).
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FIG. 6: Band structure of monolayer TaSe3 with a biaxial
stress of 2% (left) and 5% (right) TaSe3.
of the Se-Se pairs (i.e. made of the 4px orbitals) equally
shared by chains I and II. Let us look in some detail at
this component since it will play an important role when
applying strain. As mentioned in the introduction, the
contact drawn as a broken line in Fig. 1a, which connects
chains I and II, is unusually short, 2.653 Å. In fact, it
is intermediate between the short and long Se-Se pairs
(2.575 and 2.896 Å, respectively) so that from the elec-
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FIG. 7: Calculated Fermi surface for a TaSe3 single-layer
under biaxial strain of 1 % (a) and 2.5 % (b). Color code:
violet = holes, green = electrons.
5c)b)a)
FIG. 8: Comparison of the band structure of a TaSe3 single-layer with different types of applied strain: a) biaxial, b) uniaxial
along the interchain a’-direction and c) uniaxial along the chain b’-direction. In all cases the applied strain was  = 2.5%.
tronic viewpoint the four Se atoms should be considered
as a tetrameric unit. The component we are discussing
is built from the combination of the four Se 4px orbitals
of this unit and is schematically drawn in the lower part
of Fig. 4. It is the second highest orbital of the set of
four that can be generated from the Se 4px orbitals of
the tetrameric unit. A simple way to understand the
shape of this orbitals is to consider it as resulting from
the interaction of two σ* orbitals of the short and long
Se-Se pairs of chains II and I, respectively (see Fig. 4).
Since the Se–Se distance in chain I is longer, the σ*I is
lower in energy than σ*II and thus, they interact in a
bonding way between the pairs to give the lower-lying
combination. This is the component along the direction
of the paired Se-Se atoms of the hump-shaped band just
below the Fermi level along the Y→ Γ direction, which
will play an important role under strain application.
The Fermi surface associated with the TaSe3 single-
layer in the absence of strain is shown in Fig. 5a. Al-
though the slightly avoided crossing near B may be a
bit confusing, this Fermi surface can be considered to re-
sult from the hybridization (see Fig. 5b) of (i) a pseudo-
1D hole Fermi surface around Γ mostly coming from the
chain I Se 4pz orbitals and (ii) a closed electron Fermi
surface centered at the B point mostly due to the chain II
Ta 5dz2 orbitals. The result is a rounded rectangular hole
pocket around Γ and two lentil-like closed electron pock-
ets of half the area of the hole pocket which are centered
in the B → A line. Note that this Fermi surface is con-
sistent with the bulk one where the Fermi level is slightly
lowered, i.e. when the chain I Se 4pz band is slightly
lowered because of decreased Se· · · Se interactions.
Based on these results we came to the conclusion that
going from bulk to the single-layer, even if decreasing the
Se· · · Se interactions which raise the top of the valence
band, is not enough to change the conductivity regime of
TaSe3. However, the area of the hole pocket is only 2.6%
of the Brillouin zone (See Fig. 5a) and given the topology
of the band structure, strain should provide a practical
way to alter the situation. Thus, we have calculated the
evolution of the electronic structure as a function of ap-
plied biaxial strain. Shown in Fig. 6 are the results for
2% and 5% strain. Surprisingly, we did not observe the
opening of a band gap. As a matter of fact, even for
a biaxial strain of 7.5%, the metallic character is kept.
However, it is important to point out that the nature
of the metallic state has changed. The calculated Fermi
surface for a 2.5% strain is shown in Fig. 7b (the band
structure and FS for a 5% strain are shown in Figs. ??
and ?? of SI). Whereas the electron pockets are still due
to chain II Ta 5dz2 orbitals, the holes do not occur any-
more at Γ but along the Y → Γ line. In fact, in this
case there is just one electron pocket but two identical
hole pockets. Note that the two hole pockets are well
nested by a q ∼ υb′∗ nesting vector (the υ value changes
from 0.43 to 0.46 from 2% to 5% biaxial strain) so that
the single layer could exhibit a metal-to-metal transition
associated with a CDW modulation along the chains di-
rection due to the nesting of the hole pockets.
The effect of strain along the chains direction is that
both Ta–Ta and Se–Se distances increase (for 2.5% strain
they both lengthen by 0.089 Å) so that both the chain
II Ta 5dz2–Ta 5dz2 bonding interactions and the chain I
Se 4pz–Se 4pz antibonding interactions decrease. Conse-
quently, the corresponding bands separate and, in fact,
at 2.5% they do not overlap anymore. However, because
of the strain along the inter-chains direction, the shorter
inter-chain contact between chains I and II (see Fig. 1a)
becomes longer. According to our calculations, a modest
2.5% strain lengthens this contact by ∼0.1 Å, whereas
the two other Se–Se contacts change considerably less.
Since, as analyzed above, the levels at the top of the
hump-shaped band along the Y → Γ direction are lo-
cally bonding for this inter-chain contact, strain destabi-
lizes these levels which raise up and cross the Fermi level,
leading to the creation of the new holes. Because of the
6raising of the hump-shaped band, which already for a
weak biaxial strain of less than ∼2% crosses the Fermi
level, there is always a semimetallic overlap. Shown in
Fig. 8 are the calculated band structures for the cases
of biaxial and uniaxial strains of 2.5 % showing that bi-
axial or uniaxial strain along the inter-chains direction
keep the metallic behaviour, whereas a band gap is in-
duced through uniaxial strain along the chains direction.
Thus, under biaxial strain a metallic state is retained.
However, the nature (but not the shape) of the electron
pockets is kept, although the nature of the hole pockets
changes from Se 4pz in chain I to Se 4px in both chains.
It is clear from the previous analysis that a semicon-
ducting state should be attainable by applying uniax-
ial strain along the chains direction. According to the
present calculations a modest strain of ∼ 2.5% is enough
to induce it and it is kept for higher strain (see Fig. ??
in SI). Moreover, the gap of the semiconducting state
can be tuned up to 0.18 eV if we increase the tensile
strain up to 5% (see Fig. ?? in SI). On the other hand,
comparison of Figs. 5a, 7a and 7b clearly show the tran-
sition between two metallic states under biaxial strain.
Initially, the chain I Se 4pz holes become narrower and
more elongated while the two chain II Ta 5dz2 electron
pockets collapse. At the same time new holes based on Se
4px orbitals of both chains emerge in a completely differ-
ent region of the Brillouin zone. The transit between the
two situations occurs for a 1-2% biaxial strain. Whereas
the effective mass of holes and electrons for the metallic
state of single-layers without strain are very similar, those
for holes are substantially smaller for the metallic state
under biaxial strain of 2-7.5%. We have checked that in-
troduction of spin-coupling effects do not alter the anal-
ysis of the strain effect (see Fig. ?? in SI). Still, a third
metallic state could be attained by injecting electron car-
riers in the conduction band of the semiconducting state
through electric field gating. In that case, the Fermi sur-
face would be simply a closed electron pocket centered at
B, whatever the electron doping is. The effect of uniaxial
strain along the interchain direction may be ascertained
from the evolution of the Fermi surface for strains up
to 7.5% shown in Fig. 9. Now the hump-shaped band
crosses the Fermi level sooner because the intra-chain in-
teractions are practically not altered. For weak strains
both types of hole pockets discussed above are found and,
for strains slightly larger than 5%, the Fermi surface is
like that for 2.5% biaxial strain but with an area of the
hole and electron pockets considerably larger. For near
7% strain the electron pockets become open warped lines
very well nested by a qI ∼ (1/2)a′∗+υb′∗ nesting vector,
i.e. implicating a doubling of the periodicity along the
inter-chain direction and an incommensurate modulation
along the chains direction. Again, we note that the hole
pockets along the Y → Γ direction are very well nested
by a qII ∼ υb′∗ nesting vector (the υ value changes from
0.43 to 0.46 from 2% to 7.5% uniaxial strain). Thus,
the metallic state under strain along the long direction
of the layer is susceptible to exhibit two different types of
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FIG. 9: Evolution of the Fermi surface of a TaSe3 single-layer
under uniaxial strain of 2.5 % (a), 5 % (b) and 7.5 % (c) along
the long axis (a’) of the layer. Color code: violet = holes,
green = electrons.
CDW anomalies as a function of applied strain although
in both cases they are of the metal-to-metal type because
they only concern one type of carriers.
We now consider the possible role of inter-layer interac-
tions by looking at the electronic structure of slabs with
different number of TaSe3 layers. We remind that the
hump-shaped band near the Fermi level, which plays an
important role in the competition between metallic and
semiconducting states, has also an important component
of the outer Se 4py orbitals which are perpendicular to
the TaSe3 layers and thus, may alter the shape of this
band. A comparison between Figs. 2a and b shows that
both along the B → A and Γ → Y directions, the max-
imum of the band is kept below the Fermi level: in the
region around Γ → Y is kept slightly below it, whereas
around the B → A region is considerably lowered. This
suggest that increasing the number of layers should not
noticeably alter the behaviour analyzed for the case of a
single-layer. However, to check that this is also the case
for a small number of layers we have explicitly considered
several slabs with different layers. Shown in Fig. 10 are
the band structures for the optimized structures of slabs
with two (a) and three (b) layers showing that even for
a very few number of layers the essential details of the
band structure, with the top of the hump-shaped band
being a bit higher in the region around Γ→ Y and stay-
ing just below the Fermi level, are kept. Comparing the
band structures of Figs. 2b, 10a and 10b one can appre-
ciate a slight increase of the semimetallic overlap but no
major differences in the band overlap. Looking at the
[SeI 4py]pair and TaII 5dz2 panels of Fig. 3 it is clear
that in the region around the top of the hump-shaped
band in the Γ → Y direction there is a noticeable hy-
bridization between the two type of orbitals. It turns
out that the shorter Se· · · Se interlayer contacts occur for
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FIG. 10: Band structure of bilayer (left) and trilayer (right)
TaSe3.
one Se atom of chain I in one layer and one of chain II
in the next layer which are just in front of each other.
These contacts (one per each pair of chains) are shorter
than twice the van der Waals radius of Se (for instance
in the experimental bulk structure of TaSe3 they are 3.60
Å and 3.64 Å) and consequently, provide an additional
coupling between chains I and II, i.e. an interlayer cou-
pling. However, since the crossing is avoided in most
of the Brillouin zone and the contacts are still relatively
long, the top of the hump-shaped band never crosses the
Fermi level. We have also verified that introduction of
spin-orbit coupling in the calculations for bilayers and
trilayers does not modify the results (Fig. S8 in SI).
III. CONCLUSIONS
The electronic properties of transition metal trichalco-
genides have brought considerable attention recently. In
this work we find that, among the handful of materials in
this family, single-layer (or few-layer) TaSe3 could be a
versatile system amenable to interesting electronic vari-
ations. The metallic state of the pristine single-layer is
modified in different ways under application of biaxial
strain or uniaxial strain along either the short or long
directions of the layer. Electronic instabilities related to
both electron and hole pockets, as well as stabilization of
a semiconducting state, are possible. Furthermore, the
semiconducting gap can be tuned by changing the level of
tensile strain along the long direction of the layer. The
fact that bulk TaSe3 exhibits superconductivity makes
the experimental study of single- and few-layers TaSe3
even more challenging. In view of the present results
theoretical studies of TaSe3 nanoribbons and microwires
could also be very interesting.
IV. COMPUTATIONAL DETAILS
First-principles calculations were carried out using a
numerical atomic orbitals approach to DFT [43, 44],
which was developed for efficient calculations in large sys-
tems and implemented in the Siesta code [45, 46]. We
have used the generalized gradient approximation (GGA)
and, in particular, the functional of Perdew, Burke and
Ernzerhof [47]. Only the valence electrons are considered
in the calculation, with the core being replaced by norm-
conserving scalar relativistic pseudopotentials [48] factor-
ized in the Kleinman-Bylander form [49]. The non-linear
core-valence exchange-correlation scheme [50] was used
for all elements. We have used a split-valence double-ζ
basis set including polarization functions [51]. The en-
ergy cutoff of the real space integration mesh was set
to 500 Ry. To build the charge density (and, from this,
obtain the DFT total energy and atomic forces), the Bril-
louin zone (BZ) was sampled with the Monkhorst-Pack
scheme [52] using grids of (14×56×1) and (14×56×14)
k-points for the monolayer and bulk calculations, respec-
tively. For the Fermi surface calculation a finer grid of
(28×112×1) and (28×112×28) k-points was used for the
monolayer and bulk, respectively and were plotted us-
ing [53]. The structures were fully optimized (and visu-
alized with [54]. The biaxial strain was applied in both
the a and b directions. The atomic positions were relaxed
after applying the strains to the single-layer. The strain
is defined as s = δm/m0 where m0 is the unstrained
cell parameter and δm+m0 the strained cell parameter.
Thus, positive values correspond to tensile strain whereas
negative numbers correspond to compressive strain.
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